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1. INTRODUCTION {#cas14174-sec-0001}
===============

Ovarian cancer (OC) is a common gynecological disease. In Japan, the number of patients affected with ovarian cancer exceeded 10 000 in 2014 and the cumulative mortality risk of OC was 1 in 198 cases.[1](#cas14174-bib-0001){ref-type="ref"} Detecting OC in the early stages is difficult due to lack of obvious symptoms. Therefore, postoperative chemotherapy is required in many cases, but outcomes are not always favorable. A global surveillance of cancer survival conducted between 2010 and 2014 concluded that the 5‐year survival rate was \<50% in diagnosed cases of OC in most countries.[2](#cas14174-bib-0002){ref-type="ref"}

Interleukin‐17 (IL‐17) is a pro--inflammatory cytokine produced by the cluster of differentiation 4^+^ (CD4^+^) helper T cells (Th17), which differ from the Th1 cells that produce interferon‐γ (IFN‐γ) or Th2 cells that produce IL‐4.[3](#cas14174-bib-0003){ref-type="ref"} Stimulation by IL‐6 and transforming growth factor β (TGF‐β) induces Th17 differentiation of the naïve T cells.[4](#cas14174-bib-0004){ref-type="ref"} IL‐17 signal transduction activates and promotes migration of neutrophils, macrophages and monocytes, which play important roles in host defense against bacterial infection.[5](#cas14174-bib-0005){ref-type="ref"}, [6](#cas14174-bib-0006){ref-type="ref"} Th17 cells induce inflammation and are implicated in autoimmune diseases such as rheumatoid arthritis, multiple sclerosis, inflammatory bowel disease and asthma,[7](#cas14174-bib-0007){ref-type="ref"} while also contributing to host defense against pathogens. IL‐6, IL‐23, IL‐27, retinoic acid receptor‐related orphan receptor‐γt (ROR‐γt) and IFN‐γ are important for inducing and maintaining Th17 populations. IL‐6 and TGF‐β activate signal transducer and activator of transcription 3 (STAT3); this upregulates ROR‐γt, a transcription factor that induces differentiation of the naïve T cells into Th17 cells. ROR‐γt also activates the IL‐23 receptor on Th17 cells. These differentiation processes are inhibited by IFN‐γ and IL‐27.[7](#cas14174-bib-0007){ref-type="ref"}, [8](#cas14174-bib-0008){ref-type="ref"}, [9](#cas14174-bib-0009){ref-type="ref"} Tumor formation was reportedly enhanced in an IL‐17‐dependent manner in mice inoculated with *Bacteroides fragilis*, a human‐resident bacterium.[10](#cas14174-bib-0010){ref-type="ref"}

γδT cells are another type of T cell that produce IL‐17 (γδT17). These cells were first reported in pulmonary infection by *Mycobacterium tuberculosis* [11](#cas14174-bib-0011){ref-type="ref"} and are now known to play important roles in host defense against infection. However, γδT17 differ from Th17 cells in that they recognize non‐peptide antigens independent of human leukocyte antigen molecules and antigen‐presenting cells.[12](#cas14174-bib-0012){ref-type="ref"} Although IL‐17/Th17 expression has been confirmed in various human tumors including OC,[13](#cas14174-bib-0013){ref-type="ref"}, [14](#cas14174-bib-0014){ref-type="ref"}, [15](#cas14174-bib-0015){ref-type="ref"}, [16](#cas14174-bib-0016){ref-type="ref"} the significance of this observation is still debated.[17](#cas14174-bib-0017){ref-type="ref"}

The capacity for immunosuppression is altered in cancer patients. Normally, the T cell response is initiated by recognition by the T cell receptor of an antigen expressed on a major histocompatibility complex. The action of T cells is positively or negatively regulated by co‐stimulatory molecules such as CD28, which causes T cell activation, and cytotoxic T lymphocyte‐associated antigen 4, which suppresses T cell function by binding to the same ligands (ie, CD80 or CD86).[18](#cas14174-bib-0018){ref-type="ref"}

The programmed cell death 1 (PD‐1)/programmed cell death 1 ligand 1 (PD‐L1) pathway inhibits T cell activation against tumors; blockade of PD‐1/PD‐L1 signaling leads to antitumor efficacy in melanoma, non‐small‐cell lung cancer and renal‐cell carcinoma.[19](#cas14174-bib-0019){ref-type="ref"} However, identifying patients who may benefit from such inhibitory drugs remains challenging due to lack of appropriate biomarkers. PD‐L1 is known to be highly expressed under inflammatory conditions, such as in the presence of IFN‐γ. PD‐L1 is also upregulated through STAT3 signaling initiated by IL‐6, a major pro--inflammatory cytokine.[20](#cas14174-bib-0020){ref-type="ref"}, [21](#cas14174-bib-0021){ref-type="ref"}

We speculated that factors related to IL‐17/Th17 and PD‐L1 may be involved in the immune response caused by inflammation. In fact, IL‐17 has reportedly been positively associated with PD‐L1 upregulation in colon and breast cancers,[22](#cas14174-bib-0022){ref-type="ref"} but IL‐17--PD‐L1 correlation in OC has not been studied. We aimed to investigate the changes in IL‐17 expression and Th17 numbers in gynecological cancer, especially in OC, and to clarify their roles in regulating PD‐L1 expression.

2. MATERIALS AND METHODS {#cas14174-sec-0002}
========================

2.1. Patients and tissue samples {#cas14174-sec-0003}
--------------------------------

Fifty‐two patients with gynecological cancer were recruited from the Tokyo University Hospital, Tokyo with the approval of the institutional research ethics committee. Subjects included OC (n* *=* *30), endometrial cancer (n* *=* *12) and cervical cancer (n* *=* *10) patients. The histopathological classifications of the OC patients were serous (n* *=* *17), mucinous (n* *=* *3), endometrioid (n* *=* *6) and clear‐cell (n* *=* *4) carcinoma. Of the 30 OC patients, 27 (70%) had not yet received chemotherapy, and none of the patients had received radiotherapy. According to the International Federation of Gynecology and Obstetrics classification, patients were grouped as stage I (n* *=* *6), stage II (n* *=* *2), stage III (n* *=* *5) and stage IV (n* *=* *17). Peripheral blood and tumor samples were obtained from all gynecological cancer patients. Women in the healthy control (HC) group, who ranged in age from 24 to 79 years (mean age = 50 years, n* *=* *18), voluntarily provided peripheral blood samples. All participants provided informed consent. Patients' and tumor characteristics are listed in Table [1](#cas14174-tbl-0001){ref-type="table"}.

###### 

Number of each category of gynecological cancer patients (upper table) and characteristics of ovarian cancer (OC) patients, including cancer stage, histopathological type and adherence to chemotherapy (lower table)

  Classification                                               \(n\)
  ------------------------------------------------------------ ----------------
  Patient characteristics                                      
  Healthy control people (HC)                                  18
  Ovarian cancer patients                                      30
  Endometrial cancer patients                                  12
  Cervical cancer patients                                     10
  Characteristics of ovarian cancer patient samples (n = 30)   
  Age                                                          (Median/range)
  50/24‐79                                                     
  Histopathology                                               \(n\)
  Serous                                                       17
  Mucinous                                                     3
  Endometrioid                                                 6
  Clear cell                                                   4
  Prior chemotherapy                                           \(n\)
  One regimen                                                  9
  No chemotherapy                                              21
  Stage                                                        \(n\)
  I                                                            6
  II                                                           2
  III                                                          5
  IV                                                           17
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2.2. Preparation of plasma and PBMC {#cas14174-sec-0004}
-----------------------------------

Peripheral blood (20 mL) was collected from patients or HC and divided into 2 parts. Using the first part, plasma was separated and stored at −80°C immediately after centrifugation to determine cytokine levels by ELISA. PBMC were isolated from the other half of each blood sample using Ficoll Hypaque (Sigma‐Aldrich)[23](#cas14174-bib-0023){ref-type="ref"} and stored at −80°C for RNA extraction or stimulation.

2.3. Cell culture and stimulation {#cas14174-sec-0005}
---------------------------------

The OVSAHO human serous carcinoma cell line and the MCAS mucinous carcinoma cell line were purchased from the Japanese Collection of Research Bioresources. OVSAHO cells were cultured in RPMI‐1640 (Thermo Fisher Scientific) with 10% (v/v) FBS (Thermo Fisher Scientific) and 1% penicillin/streptomycin. MCAS cells were grown in DMEM (Thermo Fisher Scientific) containing 10% FBS and 1% penicillin/streptomycin. Cells were cultured in a humidified atmosphere containing 5% CO~2~ at 37°C; the cells were seeded in 6‐well plates (2 × 10^5^ cells/well) or in 10‐cm plates (2.0 × 10^6^ cells/well) and incubated with/without IL‐17A (20 ng/mL; BioLegend), anti--IL‐6 mAb (mAbIL‐6; 20 ng/mL; Abcam; ab9324), the nuclear factor‐κB (NF‐κB) inhibitor Bay11‐7082 (15 μmol/L; Santa Cruz Biotechnology), and/or the STAT3 inhibitor S31‐201 (50, 100 and 200 ng/mL; Santa Cruz Biotechnology) for 4,16 or 24 hours at 37°C and 5% CO~2~ for ELISA, quantitative RT‐PCR (qRT‐PCR), or western blotting. BAY11‐7082 was dissolved in DMSO (Sigma‐Aldrich) as a 10 mmol/L stock solution.

2.4. Flow cytometry {#cas14174-sec-0006}
-------------------

PBMC suspended in 2 mL of RPMI‐1640 were incubated for 4 hours at 37°C with PMA (25 ng/mL; Sigma‐Aldrich) and ionomycin (1 μg/mL; Sigma‐Aldrich) in the presence of 2 μL Golgi Stop (BD Biosciences). Cells were washed and incubated in fixation and permeabilization buffers (Thermo Fisher Scientific)[8](#cas14174-bib-0008){ref-type="ref"} and then labeled with the following Ab: fluorescein isothiocyanate‐conjugated anti--γδT (isotype mIgG1; test IO; IM1571U), phycoerythrin‐conjugated anti--CD3 (isotype mIgG1; Beckman Coulter; IM1282) and anti--CD4 (isotype mIGg1κ, PerCP5.5, BD Biosciences; 560650) were used for cell‐surface labeling; and anti--IL‐17 conjugated with Alexa Fluor 647 (isotype mIgG1κ; BD Biosciences; 560490) was used for intracellular labeling. At least 30 000 events were recorded using a FACSCalibur flow cytometer (BD Biosciences) and analyzed using Kaluza software (Beckman Coulter).

2.5. RNA isolation and quantitative RT‐PCR {#cas14174-sec-0007}
------------------------------------------

PBMC, OVSAHO and MCAS cells were lysed in 350 μL/well of FARB buffer (Favorgen) containing 3.5 μL/well of 98% 2‐mercaptoethanol (Sigma‐Aldrich), and the Blood/Cultured Cell Total RNA Mini Kit (Favorgen) was used to extract total RNA from the cells. cDNA was synthesized using 5 × RT Master Mix (Toyobo) according to the manufacturer\'s instructions, and qRT‐PCR was performed in duplicate using SYBR Green I Master Mix and a LightCycler 480 (Roche) according to the manufacturer\'s protocols. Forward and reverse primer sequences were: PD‐L1, 5′‐GGCATTTGCTGAACGCAT‐3′ and 5′‐CAATTAGTGCAGCCAGGT‐3′; IL‐6, 5′‐ACAAGCCAGAGCTGTGCAGATG‐3′ and 5′‐GTGCCCATGCTACATTTGCCGA‐3′; TGF‐β, 5′‐GCTGCCTGTGTGACTTTGG‐3′ and 5′‐TCCTGGATTCTAGCACTTCTGG‐3′; ROR‐γt, 5′‐GTGGGGACAAGTCGTCTGG‐3′ and 5′‐AGTGCTGGCATCGGTTTCG‐3′; IFN‐γ, 5′‐CGAGGGTTGAATGAGAGCTT‐3′ and 5′‐CAGACGGCTGCCTTTATAGC‐3′; GAPDH, 5′‐GAAAGGTGAAGGTCGGAGTC‐3′ and 5′‐GAAGATGGTGATGGGATTTC‐3′; IL‐17, 5′‐AGAGATATCCCTCTGTGATC‐3′ and 5′‐CACCCCAAAATTGTCTCAGG‐3′; IL‐27, 5′‐GAGCAGCTCCCTGATGTTTC‐3′ and 5′‐AGCTGCATCCTCTCCATGTT‐3′; tumor necrosis factor α (TNF‐α), 5′‐GGCGTGGAGCTGAGAGATAAC‐3′ and 5′‐GGTGTGGGTGAGGAGCACAT‐3′; and IL‐23A, 5′‐CAGTTCTGCTTGCAAAGGAT‐3′ and 5′‐ATCTGCTGAGTCTCCCAGTG‐3′. All the Ab were from Sigma‐Aldrich. The ratio of each gene product to GAPDH was used to determine mRNA expression according to the cycle‐threshold method.

2.6. Plasma cytokine measurement {#cas14174-sec-0008}
--------------------------------

Interleukin‐17, IL‐23 and IL‐6 concentrations in plasma samples from study subjects or cell‐culture supernates were measured by ELISA (Bio‐Techne for IL‐17; BioLegend and Bio‐Techne for IL‐23; and Thermo Fisher Scientific for IL‐6) according to the manufacturers' instructions.

2.7. Western blotting {#cas14174-sec-0009}
---------------------

Cultured cells were lysed in lysis buffer (Cell Signaling Technology; \#9803) containing the protease inhibitor cocktail for general use (Nakalai Tesque) and PhosSTOP (Roche). Equal amounts of protein were separated by electrophoresis on an Any kD Mini‐PROTEAN TGX Precast Gel (Bio‐Rad), which was probed, after blotting, with Abs against the following proteins: α‐tubulin (clone TU‐02, mouse monoclonal IgM) and STAT1 (clone E‐23, rabbit polyclonal IgG (both from Santa Cruz Biotechnology); pSTAT1 (Tyr701, rabbit polyclonal IgG), STAT3 (clone 124H6, mouse monoclonal IgM), and pSTAT3 (Tyr705, rabbit polyclonal IgG) (all from Cell Signaling Technology); and PD‐L1 (rabbit monoclonal IgM; Abcam; ab205921). Protein bands were detected using the ECL Western Blotting Detection Reagent (GE Healthcare Life Sciences).

2.8. Immunohistochemistry {#cas14174-sec-0010}
-------------------------

For immunohistochemistry, we used an anti--PD‐L1 IgG (Abcam, clone 28‐8; dilution, 1:250 v/v, ab205921) and a polyclonal anti--IL‐17 IgG (Bioss Antibodies; 1:200 v/v, bs‐2140R). Slides bearing sections of the OC samples were heated at 121°C for 10 minutes in a diluted universal HIER antigen‐retrieval reagent (Abcam; pH 6.0, 1:10 v/v, ab208572) before deparaffinization in xylene and rehydration in graded ethanol. After complete rehydration, endogenous peroxidase activity was blocked by incubation in 0.3% H~2~O~2~ in methanol for 20 minutes at room temperature. Slides were then incubated with primary antibodies at room temperature overnight. After being washed using TBS, slides were incubated for 60 minutes at room temperature with a rabbit‐specific IHC polymer detection kit HRP/DAB (Abcam, ab209101) for detecting PD‐L1, and the Dako EnVision+ System, HRP‐Labelled Polymer, Anti‐Rabbit (Dako, K4003), for detecting IL‐17, as the respective secondary antibodies. Specific antigen--antibody reactions were visualized after using the ImmPACT DAB (Vector Laboratories, SK‐4105) and counterstaining with Mayer\'s hematoxylin solution.

2.9. Neutrophil‐to‐lymphocyte ratio {#cas14174-sec-0011}
-----------------------------------

Preoperative leukocyte counts were documented by reviewing clinical charts and were used to calculate neutrophil‐to‐lymphocyte ratio (NLR) by dividing neutrophil count (%) by lymphocyte count (%).

2.10. Statistical analyses {#cas14174-sec-0012}
--------------------------

Differences between groups were evaluated using the non‐parametric Mann‐Whitney *U* test. Correlations were determined using Spearman\'s correlation analysis. Statistical analyses were performed using the JMP v.13.2 software (SAS Institute). *P* \< 0.05 was considered statistically significant.

3. RESULTS {#cas14174-sec-0013}
==========

3.1. Th17 and γδT17 cell counts were elevated in ovarian cancer and endometrial cancer patients {#cas14174-sec-0014}
-----------------------------------------------------------------------------------------------

We collected blood samples from HC, OC, endometrial cancer and cervical cancer patients and isolated PBMC, which were then stimulated with PMA and ionomycin before adding Golgi Stop and incubating at 37°C for 4 hours. CD3^+^ cells were identified among lymphocytes; of these, CD4^+^ and IL‐17^+^ cells were identified as Th17 (Figure [1](#cas14174-fig-0001){ref-type="fig"}A). Among γδT^+^ cells, those that were IL‐17^+^ were identified as γδT17 cells. Th17 and γδT17 counts in PBMC from each subject were used to calculate the occupancy ratios of Th17 to CD4^+^ cells and of γδT17 to γδT^+^ cells, respectively. Both ratios were significantly higher in OC and endometrial cancer patients than in HC (Figure [1](#cas14174-fig-0001){ref-type="fig"}B); however, no differences were observed between cervical cancer patients and HC. The Th17 and γδT17 occupancy were positively correlated in OC patients (Figure [1](#cas14174-fig-0001){ref-type="fig"}C).

![Ratio of Th17 and γδT17 cells in gynecological cancer patients. A, Squares in the left column indicate CD3^+^CD4^+^ and CD3^+^γδT^+^ cells; those in the right column indicate CD4^+^IL‐17^+^ and γδT^+^IL‐17^+^ cells. The proportion of CD3^+^CD4^+^IL‐17^+^ cells in CD3^+^CD4^+^ cells or the proportion of CD3^+^γδT^+^IL‐17^+^ cells in CD3^+^γδT^+^ cells was defined as the occupancy ratio of Th17 and γδT17, respectively. Numbers on cross bars in each column represent the percentage of the Th17 or γδT17 cells in CD3^+^ cell population. B, Occupancy ratio of Th17 or γδT17 for each carcinoma type (ovarian cancer \[OC\], n* *=* *30; endometrial cancer, n* *=* *12; and cervical cancer, n* *=* *10) and 18 healthy control (HC) subjects. Lines in the middle of each box represent the median value and the lower and upper boundaries show the 5th and 95th percentiles, respectively. Results were analyzed using the Mann‐Whitney *U* test. \**P* \< 0.05, \*\**P* \< 0.01. C, Correlation between Th17 and γδT17 in PBMC of OC patients. Data were analyzed using the Spearman\'s test, and shaded ellipses represent 95% confidence level (*r* = 0.50, *P* = 0.0052)](CAS-110-3068-g001){#cas14174-fig-0001}

3.2. Th17‐associated cytokines were elevated in PBMC but not in plasma of ovarian cancer patients {#cas14174-sec-0015}
-------------------------------------------------------------------------------------------------

The PBMC mRNA levels of IL‐23, ROR‐γt, TNF‐α, IFN‐γ, IL‐6 and IL‐17 (factors associated with differentiation of the Th17 cells from the naïve T cells) were analyzed by qRT‐PCR. We also examined the PD‐L1 transcript expression to determine the relevance of these factors. IL‐17 and IL‐23 were upregulated in OC patients as compared to HC, with a positive correlation observed between their expression levels (Figure [2](#cas14174-fig-0002){ref-type="fig"}A,B). Levels of PD‐L1, IL‐6, IL‐27, TNF‐α, ROR‐γt and IFN‐γ mRNA did not differ between OC patients and HC. However, IL‐17 mRNA expression correlated positively with that of the upstream factor ROR‐γt, whereas IL‐23 transcript level correlated positively with that of TNF‐α produced by Th17 cells (Figure [2](#cas14174-fig-0002){ref-type="fig"}C). Plasma concentrations of IL‐17, IL‐23 and IL‐6 were similar between OC patients and HC, as determined by ELISA (Figure [2](#cas14174-fig-0002){ref-type="fig"}D).

![mRNA and proteins levels of interleukin‐17 (IL‐17)‐related factors. A, Relative mRNA expression of IL‐17‐related genes in PBMC of ovarian cancer (OC) patients, as determined by RT‐PCR. Right and left bars represent OC patients and healthy control (HC) respectively. B‐D, Correlation between IL‐17 and IL‐23 mRNA levels in PBMC of OC patients. (C) and (D) show the correlation between IL‐17 and ROR‐γt mRNA and between IL‐23 and TNF‐α mRNA levels, respectively, in PBMC of OC patients (Spearman\'s test, b: *r* = 0.64, *P* \< 0.0001; c: *r* = 0.69, *P* \< .0001; and d: *r* = 0.84, *P* \< .0001). Shaded ellipses represent 95% confidence level. E, Plasma IL‐17, IL‐23 and IL‐6 protein levels in HC and OC patients, as determined by ELISA. F, Comparative analysis of IL‐17, IL‐23 and ROR‐γt mRNA levels in PBMC of OC patients with or without chemotherapy. \**P* \< 0.05, \*\**P* \< 0.01 (Mann‐Whitney test). Black circles in (E) and (F) indicate outliers](CAS-110-3068-g002){#cas14174-fig-0002}

3.3. Th17‐associated cytokines were elevated in patients who received chemotherapy {#cas14174-sec-0016}
----------------------------------------------------------------------------------

To assess the effect of chemotherapy, IL‐17, IL‐23 and ROR‐γt mRNA levels were compared in PBMC of patients who underwent surgery without chemotherapy and those who underwent interval debulking surgery (IDS) after chemotherapy. All of these factors were upregulated in patients who received chemotherapy as compared to those who did not (Figure [2](#cas14174-fig-0002){ref-type="fig"}E). The chemotherapy consisted of a combination of paclitaxel and carboplatin for all IDS cases.

3.4. Th17 and γδT17 cell counts were elevated in mucinous carcinoma of ovarian cancer patients {#cas14174-sec-0017}
----------------------------------------------------------------------------------------------

We examined whether the histopathological types of OC affect the occupancy ratio of the Th17 and γδT17 cells in PBMC and found that all histopathological types of OC showed increased Th17 occupancy ratios relative to HC, whereas for γδT17, the serous and mucinous carcinoma subtypes differed from HC. In addition, the occupancy ratio of γδT17 cells in PBMC of mucinous carcinoma patients was higher than that of serous carcinoma patients (Figure [3](#cas14174-fig-0003){ref-type="fig"}A).

![Analysis of factors related to interleukin‐17 (IL‐17) according to ovarian cancer (OC) histopathological type. A, Occupancy ratio of Th17 and γδT17 cells in PBMC of OC patients or healthy controls (HC). B, Immunodetection of IL‐17A and programmed cell death 1 ligand 1 (PD‐L1) in surgical tumor specimens from OC patients. C, Effect of IL‐17 on PD‐L1 expression, as detected by western blotting in OVSAHO and MCAS cell lines. D, IL‐6 expression following stimulation with IL‐17A (right), as determined by ELISA; untreated cells served as control (left). In A‐D, lines in the middle of each box indicate the median value, and the lower and upper boundaries represent the 5th and 95th percentiles, respectively. E, STAT3 phosphorylation in MCAS cells evaluated 24 h after IL‐17A stimulation by ELISA. \**P* \< .05, \*\**P* \< .01 (Mann‐Whitney test). White circles in panel indicate outliers](CAS-110-3068-g003){#cas14174-fig-0003}

3.5. Programmed death ligand 1, interleukin‐6 and phospho‐signal transducer and activator of transcription 3 were induced by interleukin‐17A in mucinous carcinoma cells {#cas14174-sec-0018}
------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Surgical specimens from OC patients were analyzed for IL‐17A and PD‐L1 expression by immunohistochemistry. Both serous and mucinous carcinoma specimens were immunopositive for IL‐17A and PD‐L1, with the former highly expressed in T lymphocyte (Figure [3](#cas14174-fig-0003){ref-type="fig"}B). Based on these observations, we investigated the relationship between IL‐17A and PD‐L1 expression using OVSAHO serous carcinoma and MCAS mucinous carcinoma cells stimulated with recombinant IL‐17A. PD‐L1 expression was examined after 4, 16 and 24 hours. In OVSAHO cells, IL‐17A did not induce PD‐L1 expression, but in MCAS cells, high levels of PD‐L1 were detected at 16 and 24 hours (Figure [3](#cas14174-fig-0003){ref-type="fig"}C). As mentioned above, IL‐17 expression requires IL‐6 activation and STAT3 phosphorylation and activation, which are also associated with PD‐L1 expression. To investigate the interaction between IL‐17, IL‐6, STAT3 and PD‐L1, MCAS cells were stimulated with IL‐17A and the concentration of each factor in the supernates was measured by ELISA. IL‐6 expression (Figure [3](#cas14174-fig-0003){ref-type="fig"}D) and STAT3 phosphorylation (Figure [3](#cas14174-fig-0003){ref-type="fig"}E) were markedly altered 24 hours after IL‐17A treatment.

3.6. Interleukin‐6, phospho‐signal transducer and activator of transcription 3 and nuclear factor κB inhibition suppressed programmed death 1 ligand 1 expression induced by interleukin‐17A {#cas14174-sec-0019}
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

To investigate the relationship between PD‐L1 expression and IL‐17A‐induced IL‐6 and pSTAT3 upregulation, we evaluated PD‐L1 levels in IL‐17A‐stimulated cells treated with inhibitors of IL‐6 and pSTAT3. Application of a blocking mAb against IL‐6 (mAbIL‐6) abolished PD‐L1 expression even in the presence of IL‐17A (Figure [4](#cas14174-fig-0004){ref-type="fig"}A), although the Ab had no effect in unstimulated cells. BAY11‐7082 does not directly inhibit IL‐6 but abolishes NF‐κB binding to DNA and thereby blocks IL‐6 expression. MCAS cells stimulated with IL‐17A and treated with BAY11‐7082 showed decreased expression of PD‐L1 24 hours later (Figure [4](#cas14174-fig-0004){ref-type="fig"}B), while DMSO did not reduce PD‐L1 expression. Similarly, application of STAT3 inhibitor (S31‐201) reduced STAT3 phosphorylation in IL‐17A‐stimulated cells in a concentration‐dependent manner (Figure [4](#cas14174-fig-0004){ref-type="fig"}C) and reduced the PD‐L1 protein level. qRT‐PCR analysis of IL‐6 and PD‐L1 mRNA expression in PBMC of OC patients showed that IL‐6 and PD‐L1 were positively correlated (Figure [4](#cas14174-fig-0004){ref-type="fig"}D). Furthermore, plasma IL‐6 concentration in OC patients correlated with the Th17 occupancy ratio in PBMC (Figure [4](#cas14174-fig-0004){ref-type="fig"}E).

![Programmed cell death 1 ligand 1 (PD‐L1) expression induced by interleukin‐17A (IL‐17A) and its inhibition by IL‐6, phospho‐signal transducer and activator of transcription (pSTAT3) and nuclear factor‐κB (NF‐κB) inhibitors. A, Expression of IL‐17‐related genes in MCAS cells following IL‐17 stimulation in the presence of anti--IL‐6 Ab (mAbIL‐6), as determined by western blotting. B, Change in PD‐L1 expression upon IL‐17 stimulation in the presence of NF‐κB inhibitor (BAY11‐7082) and 0.1% DMSO, as determined by western blotting. C, Western blotting of changes in PD‐L1 and pSTAT3 expression following IL‐17 stimulation in the presence of STAT3 inhibitor (S31‐201: 0, 50, 10 and 200 μg/mL). Investigation of the relationship between PD‐L1, IL‐6, Th17 and neutrophil‐to‐lymphocyte ratio (NLR). D, Correlation between IL‐6 and PD‐L1 mRNA levels in PBMC of ovarian cancer (OC) patients. E, Relationship between IL‐6 mRNA and Th17 occupancy ratio in PBMC of OC patients. F,G, Relationship between NLR in preoperative blood collected from OC patients and Th17 occupancy ratio in PBMC (F) or plasma IL‐6 protein level (G). Results in (D) to (G) were analyzed using Spearman\'s test and shaded ellipses represent 95% confidence level ((D) ρ = 0.52, *P* = 0.0023; (D) ρ = 0.51, *P* = 0.0098; (F) ρ = 0.49, *P* = 0.0068; (G) ρ = 0.48, *P* = 0.0184)](CAS-110-3068-g004){#cas14174-fig-0004}

3.7. Neutrophil‐to‐lymphocyte ratio is positively correlated with Th17 counts in PBMC and with plasma interleukin‐6 of ovarian cancer patients {#cas14174-sec-0020}
----------------------------------------------------------------------------------------------------------------------------------------------

We determined the NLR of OC patients immediately before surgery and found that the occupancy ratio of Th17 to CD4^+^ cells in PBMC (Figure [4](#cas14174-fig-0004){ref-type="fig"}F) and plasma IL‐6 concentration (Figure [4](#cas14174-fig-0004){ref-type="fig"}G) positively and significantly correlated with NLR in OC patients.

4. DISCUSSION {#cas14174-sec-0021}
=============

Previous studies have reported elevated Th17 counts in various cancers, including acute myeloid leukemia,[24](#cas14174-bib-0024){ref-type="ref"} hepatocellular carcinoma,[25](#cas14174-bib-0025){ref-type="ref"} breast cancer[15](#cas14174-bib-0015){ref-type="ref"} and gallbladder cancer,[23](#cas14174-bib-0023){ref-type="ref"} with increased numbers of Th17 and γδT17, which both promote IL‐17 expression, thought to be associated with decreased survival. Thus, IL‐17‐producing cells likely play important roles in the pathogenic immunity changes of cancer. In this study, we demonstrated that the occupancy ratios of Th17 and γδT17 were increased in PBMC of OC patients, especially in those with the mucinous subtype. Moreover, NLR positively correlated with the Th17 occupancy ratio. This is significant because in a meta‐analysis of 4910 OC patients, elevated NLR was associated with shorter overall survival (OS) and worse progression‐free survival (PFS).[26](#cas14174-bib-0026){ref-type="ref"} Another meta‐analysis including 12 studies of 1630 OC patients revealed that PD‐L1 protein expression was not associated with OS or PFS,[27](#cas14174-bib-0027){ref-type="ref"} and Mesnage et al[28](#cas14174-bib-0028){ref-type="ref"} observed that upregulation of PD‐L1 expression after chemotherapy in OC patients was not associated with patients' OS. In contrast, the meta‐analysis study concluded that PD‐L1 mRNA expression was significantly associated with worse PFS in 1228 patients with OC (*P* \< 0.001).[27](#cas14174-bib-0027){ref-type="ref"} This discrepancy may not be reconciled presently because further confirmatory studies are needed. In our study, the short observation period precluded investigation of the relationship between high Th17 occupancy and poor OS or PFS in OC patients, but a correlation between these parameters is possible as in other cancers such as hepatocellular and gallbladder carcinomas.[23](#cas14174-bib-0023){ref-type="ref"}, [25](#cas14174-bib-0025){ref-type="ref"}

The IL‐17 mRNA level was upregulated in OC patients compared to HC. In addition, the mRNA expression of IL‐23, which is required for Th17 maintenance and proliferation, was increased and positively correlated with that of IL‐17. In contrast, plasma IL‐17 concentration was unaltered. This is presumably because protein production is mainly controlled at the translation stage and is not dictated by the amount of transcript.[29](#cas14174-bib-0029){ref-type="ref"} However, immunohistochemistry of tumor specimens clearly showed increased expression of IL‐17 in OC. Our objective in these experiments was to examine how PD‐L1 expression is altered by IL‐17‐induced inflammation, because PD‐L1 expression is known to be enhanced by inflammatory cytokines such as IFN‐γ[30](#cas14174-bib-0030){ref-type="ref"} and IL‐6.[31](#cas14174-bib-0031){ref-type="ref"} PD‐L1 mRNA level did not correlate with that of IL‐17 or the Th17 occupancy ratio in PBMC of OC patients, although tumor specimens were positive for both IL‐17 and PD‐L1. However, a relationship possibly exists between IL‐17 and PD‐L1 given that PD‐L1 expression was induced in vitro by IL‐17 stimulation, albeit only in the mucinous ovarian carcinoma cell line. Interestingly, although IL‐17 production was initially induced by IL‐6 and TGF‐β, IL‐17 itself increased the levels of IL‐6 mRNA and protein.

Recent studies have described a positive feedback loop involving IL‐17 and IL‐6 that induces STAT3 phosphorylation.[32](#cas14174-bib-0032){ref-type="ref"}, [33](#cas14174-bib-0033){ref-type="ref"}, [34](#cas14174-bib-0034){ref-type="ref"} IL‐6 and STAT3 promote production of IL‐17, which, in turn, activates IL‐6 and STAT3. As stated above, PD‐L1 is produced through IL‐6 activation and STAT3 phosphorylation. Our results suggest that IL‐6 and STAT3 activation in tumor cells by IL‐17 stimulation induces PD‐L1 expression. This was supported by the observation that treatment with IL‐6 and STAT3 inhibitors abolished the IL‐17‐induced expression of PD‐L1 (Figure [4](#cas14174-fig-0004){ref-type="fig"}A,C).

One of the functions of IL‐17 is NF‐κB activation. STAT3‐binding and NF‐κB‐binding sites are found in the promoters of thousands of genes, and the 2 proteins may control overlapping genes during tumorigenesis (specifically, those encoding chemokines) to regulate immune responses within the tumor microenvironment. It also coordinates various cytokines involved in the immune response, but, interestingly, some of these are produced not only by hematopoietic cells but also by tumor cells. STAT3 and NF‐κB in tumor cells activate IL‐6, which, in turn, activates STAT3, forming a positive feedback loop.[33](#cas14174-bib-0033){ref-type="ref"}, [35](#cas14174-bib-0035){ref-type="ref"} TNF‐α is another cytokine controlled by NF‐κB[22](#cas14174-bib-0022){ref-type="ref"} in tumor cells; TNF‐α also activates NF‐κB through a positive feedback loop.[35](#cas14174-bib-0035){ref-type="ref"} We found that treatment with NF‐κB inhibitor abolished IL‐17‐induced PD‐L1 expression. Given that IL‐17 activates NF‐κB, then IL‐17 causes PD‐L1 expression by activating NF‐κB, which produces IL‐6 and phosphorylates STAT3 in tumor cells.

Notably, mRNA levels of IL‐17 and associated factors were upregulated in the plasma of OC patients after chemotherapy. Paclitaxel has been shown to induce PD‐L1 overexpression via NF‐κB activation in OC;[28](#cas14174-bib-0028){ref-type="ref"}, [36](#cas14174-bib-0036){ref-type="ref"} our results showed that IL‐17 caused an effect similar to paclitaxel; that is, it induced PD‐L1 expression via NF‐κB activation. Upregulation of IL‐17 and associated factors in PBMC of OC patients who received chemotherapy including paclitaxel does not contradict these findings because these pathways could further stimulate IL‐17 production through a feedback mechanism (Figure [5](#cas14174-fig-0005){ref-type="fig"}).

![Interleukin‐6 (IL‐6) and transforming growth factor beta (TGF‐β) phosphorylate STAT3 in naïve T cells. Naïve T cells are induced to differentiate into regulatory T cells by TGF‐β in the absence of IL‐6. ROR‐γt is activated to induce differentiation of the naïve T cells into Th17 cells, which produce IL‐17 and TNF‐α. Nuclear factor‐κB (NF‐κB) activated by IL‐17 or TNF‐α stimulation induces expression of IL‐6, which phosphorylates STAT3 in cancer cells. These steps result in programmed cell death 1 ligand 1 (PD‐L1) expression in ovarian cancer (OC) cells and reactivation of IL‐6 and STAT3 through a positive feedback loop](CAS-110-3068-g005){#cas14174-fig-0005}

Next, we will discuss the potential functions of STAT3 in T cell differentiation. Regulatory T cells (Treg) also differentiate from naïve T cells and maintain peripheral tolerance. *Foxp3*, which is essential for development and maintenance of Treg in the immune periphery, is induced also by TGF‐β and IL‐2 through STAT5‐dependent and STAT3‐dependent mechanisms.[37](#cas14174-bib-0037){ref-type="ref"}, [38](#cas14174-bib-0038){ref-type="ref"}, [39](#cas14174-bib-0039){ref-type="ref"} The *Foxp3* promoter contains STAT3‐binding domains through which IL‐6 can attenuate *Foxp3* expression under inflammatory conditions.[37](#cas14174-bib-0037){ref-type="ref"} Differentiation of Th17 and Treg are reportedly modified by the balance between active STAT3 and STAT5.[40](#cas14174-bib-0040){ref-type="ref"}, [41](#cas14174-bib-0041){ref-type="ref"}, [42](#cas14174-bib-0042){ref-type="ref"} That is, naïve T cells are likely to differentiate into Treg when STAT5 expression is increased, while suppressing STAT3 expression. Importantly, IL‐6 expression alters the balance between active STAT3 and STAT5, suppresses differentiation of the naïve T cells into Treg, and promotes naïve T cell differentiation into Th17. Treg numbers have been reported to be significantly higher in peripheral circulation of OC patients than that in healthy individuals.[43](#cas14174-bib-0043){ref-type="ref"} High Th17 occupancy ratio in PBMC of OC patients suggests that high STAT3 levels are not always observed in peripheral blood of OC patients. In contrast, pSTAT3 has been reported to be expressed in OC tissues more strongly than ovarian samples from healthy individuals; pSTAT3 expression level was found by immunohistochemistry to be increased in advanced compared to early cancers.[44](#cas14174-bib-0044){ref-type="ref"}, [45](#cas14174-bib-0045){ref-type="ref"}, [46](#cas14174-bib-0046){ref-type="ref"} In addition, pSTAT3 expression level was found to be significantly higher in chemo‐resistant OC cells in vivo.[47](#cas14174-bib-0047){ref-type="ref"} This suggests that high numbers of Th17 cells do not always correlate with high STAT3 levels in peripheral blood; however, the tumorigenic STAT3 activity may contribute to high numbers of Th17 cells in OC patients (Figure [5](#cas14174-fig-0005){ref-type="fig"}).

Based on our results, we propose that the following changes occur in OC patients. IL‐6 and TGF‐β phosphorylate STAT3 in the naïve T cells, while ROR‐γt is activated to induce differentiation of the naïve T cells into Th17 cells, which then produce IL‐17 and TNF‐α, thereby eliciting an inflammatory response in patients. NF‐κB activation by IL‐17 or TNF‐α stimulation promotes IL‐6, which phosphorylates STAT3; these changes induce PD‐L1 expression in OC cells while reactivating IL‐6 and STAT3 by feedback (Figure [5](#cas14174-fig-0005){ref-type="fig"}).

In conclusion, elevation of Th17/IL‐17, which is correlated with NLR or stimulates PD‐L1, is a potential biomarker for predicting prognosis and PD‐L1 overexpression in OC patients.
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